Treatment of 6-unsubstituted 2-ethynyl-1-phenacylpyridinium bromides (10a-c) with 1,5-diazabicyclo[5.4.0]undec-5-ene in refluxing benzene resulted in cyclization to give the 3-benzoylindolizines (11) via the N-ylide intermediates 13, whereas heating the salts 10 in refluxing acetic acid afforded the 1-benzoylindolizines (12). Upon similar treatment with the base, 2-ethyny1-6-methylpyridinium salts (20a-c) gave the 3-benzoyl-5-methylindolizines (22); in the case of the phenylacetylene compound 20c, 2,3-diphenylcycl[3.2.2jazine (23) was also obtained. However, the reaction of 6-amino-2-ethynylpyridines (27a-c) with phenacyl bromide produced 5-ethyny1-1-azaindolizines (28), which were converted into 1-azacycl[3.2.2]azines (29). The mechanisms of these intramolecular cyclizations are discussed. 3) The propynylamine Nylides Oar) and N-oxides (1b)5) and related S-ylides6) are also known to undergo thermal [2,3]-sigmatropic rearrangement giving the corresponding allenic compounds 2. These results prompted us to examine the thermal behavior of cyclic propargylic ylides, and we have already reported several new results. For example, the thermolysis of 6-ethyny1-1,2,5,6-tetrahydropyridine N-imides (3) resulted in ring expansion to give the 1,2-diazonines (5) via the allenic intermediates 4.7) Similar ring expansion was also observed for the cyclic sulfonium ylides having an ethynyl group at the a-position of the ring, giving rise to the corresponding three-carbon ring enlargement products such as thiocin, thionin, and thiecin derivatives.8)
Thermal sigmatropic rearrangements of cyclic allylamine N-ylides have been well studied2) in connection with those of related open-chain compounds.
3) The propynylamine Nylides Oar) and N-oxides (1b)5) and related S-ylides6) are also known to undergo thermal [2, 3] -sigmatropic rearrangement giving the corresponding allenic compounds 2. These results prompted us to examine the thermal behavior of cyclic propargylic ylides, and we have already reported several new results. For example, the thermolysis of 6-ethyny1-1,2,5,6-tetrahydropyridine N-imides (3) resulted in ring expansion to give the 1,2-diazonines (5) via the allenic intermediates 4.7) Similar ring expansion was also observed for the cyclic sulfonium ylides having an ethynyl group at the a-position of the ring, giving rise to the corresponding three-carbon ring enlargement products such as thiocin, thionin, and thiecin derivatives. 8) On the other hand, as for aromatic amine ylides, the intermolecular 1,3-dipolar cycloaddition9) of azine N-ylides and N-imides to olefins or acetylenes and the intramolecular 1,5-dipolar cyclization10) of azine N-vinylimides have been widely investigated. However, few such reactions of pyridinium ylides having an unsaturated substituent at the 2-position of the pyridine ring are known. Therefore, we examined the thermal behavior of 2-ethynylpyridine N-imides (6) and have shown that they undergo intramolecular cyclization to afford 3-azaindolizines (8) via the intermediates 7.11) We report here the thermal intramolecular cyclization of 2-ethynylpyridine N-ylides.12)
The starting 2-ethynylpyridines used in the present work were prepared from the corresponding 2-bromopyridines and acetylenes according to the reported method.") Treatment of the 6-unsubstituted 2-ethynylpyridines (9a-c)11) with phenacyl bromide gave the 1-phenacylpyridinium bromides (10) , precursors of the desired pyridine N-ylides, in high yields. The salts 10a-c were treated with 1,5-diazabicyclo [5.4 .0]undec-5-ene (DBU) in refluxing benzene, resulting in cyclization to give the 3-benzoylindolizines (11a-c) in 60-70% yields. Treatment of 10 with hydroxide or alkoxide ions also afforded 11, but in lower intermediates 14 and the cyclic N-ylides 15 successively. In contrast to the cases of the aliphatic amine ylides (1 and 3),4-7) a concerted mechanism for the present reaction seems unlikely because of prohibitive ring strain in the five-membered cyclic allenic intermediates. This behavior is analogous to that observed for the 2-ethynylpyridine N-imides (6). On the other hand, the acid-induced reaction may proceed via the addition of an acetoxy anion to the triple bond to produce allenic intermediates followed by cyclization to 16, which may give the methylides 17 by ring fission. The ylides 17 would undergo [2, 3] -sigmatropic rearrangement to the bicyclic intermediates 18, which then give the 1-benzoyl products 12 by elimination of acetic acid. In addition, when a solution of hydrochloric acid or p-toluenesulfonic acid in ethanol or benzene was used instead of acetic acid, the salts 10 were decomposed and gave no indolizines, indicating that acetoxy anion may play an important role in this acid-induced reaction. Next, the 6-methylpyridinium bromides (20a-c), prepared from the corresponding 2-ethyny1-6-methylpyridines (19) and phenacyl bromide, were treated with DBU to also produce the 5-methyl-3-benzoylindolizines (22a-c) in 30-60% yields, probably via the Nylides 21. In the case of the phenylacetylene compound 20c, 2,3-diphenylcycl[3. In contrast to the cases of the 6-unsubstituted pyridines (9) and 6-methylpyridines (19), treatment of 6-amino-2-ethynylpyridines (27a-c) with phenacyl bromide did not give the phenacylpyridinium salts 30, but directly afforded the 5-ethyny1-2-phenyl-1-azaindolizine hydrobromides (28a-c) in 80-90% yields. The salts were treated with DBU in refluxing benzene to produce the 2-phenyl-1-azacycl[3.2.2]azines (29a-c: 70-80% yields), which were characterized by comparison with the related compounds reported.17) These compounds 29 were also obtained by treatment of 28 with sodium carbonate in water.
The reaction of 27 with phenacyl bromide may proceed by initial formation of the phenacylpyridinium salts 30, which are then converted to the products 28 via the Schiff bases 31, although these key intermediates could not be isolated. The formation of the cyclazines (29) from 28 may also involve the cyclic ylide intermediates 32 formed from 28 directly or via 31 by the base treatment.
In conclusion, the present results provide a new route for preparing indolizines18) and cyclazines,19) although many synthetic methods for these heterocyclic rings are known.
Experimental
Melting points were measured on a Yanagimoto micro melting hot stage apparatus and are uncorrected. Infrared (IR) spectra were determined with a Hitachi 270-30 spectrometer and mass spectra (MS) were measured with a JEOL DX-300 instrument.1 H-NMR spectra were recorded on a JEOL JNM-MH 100 spectrometer in CDC13 using tetramethylsilane as an internal standard unless otherwise stated; spectral assignments were confirmed by spindecoupling experiments. Microanalyses were carried out in the Microanalytical Laboratory of this school by Mrs. R. Igarashi.
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